Abstract
See page 56 T he increasing prevalence of heart failure (HF) worldwide is a major healthcare problem (1) . In patients with HF the cardiac sympathetic nervous system is activated, which can be visualized with 123 Iodine-meta-iodobenzylguanidine ( Several studies have shown that patients with HF and a low late H/M ratio and/or an increased washout rate, are at increased risk for cardiac death and arrhythmic events (4-6).
However, the clinical implementation of this technique is still
limited. This may partially be related to the long examination time with an almost 4 hour delay between the early and late acquisition. Additionally, outcome derived at different late acquisition times cannot be compared with each other. This is of importance since most Japanese studies in contrast to
Western studies perform the late acquisition at 3 hours pi (7, 8) .
Recently, a more time-efficient cardiac 123 I-MIBG protocol demonstrated only small differences between the late H/M ratio 2 and 3 hours pi compared with the late H/M ratio at 4 hours pi, suggesting that the late imaging can be performed at an earlier stage (9) . This will shorten the acquisition time and may increase patient comfort. However, the differences between the washout rates were larger and increased over time, which makes comparison of the washout rate measured at different acquisition times difficult. Okuda et al. recently developed a linear model to ease comparison of the washout rate at 3 hours pi with 4 hours pi (10) . Yet, no external validation has taken place in a HF cohort and it is unknown whether this model can be applied to estimate the washout rate and the late H/M ratio at 4 hours pi from even earlier acquisitions times than 3 hours pi.
To assess whether earlier acquisition time of the late image is justified, the present study evaluated whether the linear model based formula enables comparison of washout rates and late H/M ratios determined from acquisition times at 1 to 3 hours pi with the actual measurements at 4 hours pi in a cohort of HF patients.
Methods

Patients
The study population consisted of patients included in a previous study focusing on the change in late H/M ratio between 1, 2 and 3 hours pi in comparison with the late H/M ratio at 4 hours pi (9) . The inclusion criteria for the study population were age between 18 and 74 years and symptoms of HF New York Heart Association class (NYHA) II-IV.
Excluded for that study were patients with severe shortness of breath who were unable to lie flat for several times under a gamma camera. Previous study concentrated on the determina- 
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Afterwards, the late H/M ratio and myocardial washout rate with background and decay correction at 4 hours pi were calculated from the estimated mean cardiac and mediastinal counts per pixel at 4 hours pi.
Statistical analysis
Normally distributed variables were expressed as mean± standard deviation and non-normally distributed variables as median with interquartile range (IQR). Categorical variables were presented as frequencies and percentages.
To evaluate the differences in estimated and actual measured cardiac and mediastinal counts at 4 hours pi, the following analyses were performed. First, the estimated cardiac and mediastinal counts derived from 1, 2 and 3 hours pi were compared with the actual cardiac and mediastinal counts at 4 hours pi using a paired samples t test. In addition, the agreement of the estimated and the actual cardiac and mediastinal counts at 4 hours was evaluated with the Pearson's correlation and Bland Altman analysis. Similarly, these analyses were repeated for the comparison of the estimated and actual late H/M ratios and washout rates.
Furthermore, the sensitivity and specificity for the threshold of <1.6 of the actual late H/M ratio were calculated for the estimated late H/M ratio at 4 hours pi derived from the 1-, 2-and 3-hour scan (4). As well as, the sensitivity and specificity for the threshold of ≥27% of the actual washout rate at 4 hours pi were computed for the estimated washout rate at 4 hours pi derived from the 1-, 2-and 3-hour scan (12) .
Statistical analysis was performed using SPSS software (Version 22.0, SPSS IBM Corp., Armonk, New York, USA).
A two-sided P-value of < 0. 05 was considered statistically significant.
Results
Patients
The clinical characteristics of the patients are depicted in and P=0.02, respectively). The washout rate increased over time from 11±11 at 1 hour pi, 21±16 at 2 hours pi, 28±17
at 3 hours pi to 34±17 at 4 hours pi. The washout rate at 1, 2 and 3 hours were all significantly different from the washout rate at 4 hours pi (all P<0.001).
Estimated and actual 123 I-MIBG parameters
The estimated mean cardiac and mediastinal counts per There was a positive correlation between the actual late † presence of coronary artery disease in first-degree family members at age <55 years in men and <65 years in women, ‡ Self-reported history of hypercholesterolemia and/or treatment with lipid-lowering drugs, § Self-reported history of hypertension and/or use of antihypertensive medication, or a systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥90 mm Hg. H/M ratio at 4 hours pi and estimated late H/M ratio at 4 hours pi derived from the scans at 1, 2 and 3 hours pi (Fig. 3) . The Of the 34 patients with an actual late H/M ratio <1.6, 25 (74%), 29 (85%) and 31 (91%) patients had an estimated late H/M ratio at 4 hours pi <1.6 derived from 1, 2 and 3 hours pi, respectively. The sensitivity and specificity for the actual late H/M ratio <1.6 for the estimated late H/M ratio at 4 hours pi derived from the 1-hour scan were 74% and 93%, respectively.
For the estimated late H/M ratio at 4 hours pi derived from 2 and 3 hours pi the sensitivity and specificity were 85% and 93%, 91% and 86%, respectively. H1: mean heart counts per pixel from 1 hour pi, H2: mean heart counts per pixel from 2 hour pi, H3: mean heart counts per pixel from 3 hour pi, M1 mean mediastinal counts per pixel from 1 hour pi, M2 mean mediastinal counts per pixel from 2 hour pi, M3 mean mediastinal counts per pixel from 3 hour pi. Dimitriu 3 Pearson's correlation and Bland-Altman analysis of the relationship between the actual and estimated heart-to-mediastinum ratio at 4 hours pi from the cardiac and mediastinal counts at 1, 2 and 3 hours pi.
Estimated and actual washout rate
The mean estimated washout rate (with background and 123 Idecay correction) at 4 hours pi calculated from the acquisitions at 1 and 2 hours pi differed significantly from the actual washout rate at 4 hours pi, 12±15 and 25±19 in comparison with 34±17 (both P<0.001). The mean estimated washout rate at 4 hours pi derived from 3 hours pi did not differ significantly with the actual washout rate at 4 hours pi, 32±
19 and 34±17, respectively (P=0.22). There was a positive correlation between the actual washout rate at 4 hours pi and the estimated washout rate at 4 hours pi derived from 1, 2 and 3 hours pi (Fig. 4) . The Pearson's Correlation of the actual washout rate at 4 hours and the estimated washout rate at 4 hours obtained from the scan at 1 hour pi was strong (r=0.736) and excellent for the estimated washout rate at 4 hours from the 2-and 3-hour pi scan (r=0.896 and r=0.846, respectively).
In the Bland-Altman analysis for the actual and estimated washout rate there was a bias of 22. 7 (95%CI 0; 45), 9. 2 (95%CI -7.5;25.9) and 1.8 (95%CI -18.2;21.8) between the actual and estimated washout rate at 4 hours pi calculated from cardiac and mediastinum counts at 1, 2 and 3 hours pi. No correlation existed between the difference and the mean of the actual washout rate at 4 hours pi and the estimated washout rate at 4 hours pi derived from 1,2 and 3 hours pi.
Of the 35 patients with an actual washout rate at 4 hours pi ≥ 27%, 8 (23%), 22 (63%) and 31 (89%) patients had an estimated washout rate at 4 hours pi ≥27% derived from 1, 2 and 3 hours pi, respectively. The sensitivity and the specificity for the estimated washout rate at 4 hours pi derived from the 1-hour scan were 23% and 100% to determine the actual washout rate ≥27%. For the estimated washout rate at 4 hours pi derived from 2 and 3 hours pi the sensitivity was 63% and 89%, respectively with at both scanning times a specificity of 100%.
Discussion
The present study demonstrated that by using the direct comparison method for cardiac 123 I-MIBG imaging, it is possible to provide an accurate estimation of the actual late H/M ratio and washout rate at 4 hours pi, derived from acquisitions at 3 hours pi.
The timing to acquire late planar myocardial 123 I-MIBG images is still 4 hours pi (11) . However, several studies calculated the late H/M ratio and/or washout rate from acquisitions at 3 hours pi (7) . Recently, we demonstrated in patients with HF only small differences (≤0.05) between the late H/M ratio determined at 2 and 3 hours pi compared with the late H/M ratio at 4 hours pi (9) . In addition, in the present study the late H/M ratio at 4 hours pi could be accurately Similar results were detected in present HF cohort between the actual and estimated washout rate at 4 hours pi from the 3-hour scan pi. In addition, the sensitivity and specificity for the threshold of ≥27% of the actual washout rate at 4 hours pi were high for the estimated washout rate at 4 hours pi derived from 3 hours pi. Only small differences were found between the actual and estimated washout rate at 4 hours pi from the 2-hour scan pi. Although the specificity for the threshold of ≥27 % of the actual washout rate at 4 hours pi was high (100%) for the estimated washout rate at 4 hours pi derived from 2 hours pi, the sensitivity was relatively low (63%). This means that patients with an estimated washout rate ≥ 27% at 4 hours derived from the 2-hour scan do not need a second scan at 4 hours pi. Within present study population, 22/48 (42%) patients could be excluded for a second scan at 4 hours pi.
A large difference was observed between the actual and estimated washout rate at 4 hours pi derived from the 1-hour pi scan. Therefore, the formula seems not useful for the estimation of the washout rate from the 1-hour pi scan.
In the created formula for the cardiac and mediastinal counts at the acquisition at 1, 2 and 3 hours pi to estimate the counts at 4 hours pi, it is assumed that the clearance of 123 I-MIBG is linear over time and that extra-neuronal 123 I-MIBG uptake plays no pivotal role. This is in line with data showing that 123 I-MIBG clearance has a clear distinction between an early more accelerated phase and a slower linear phase (14) .
These findings are corroborated by an earlier study by
Morozumi et al, which demonstrated in 15 healthy subjects that the mean counts per pixel in the cardiac and upper mediastinal ROI were linear over time (15) . In addition, Dae et al. concluded that non-neuronal uptake does not seem to be operational in humans since there was no 123 I-MIBG uptake on early and late planar images present in post-cardiac transplant patients (16) . However, in the present study there was an overestimation of the estimated cardiac and mediastinal counts at 4 hours from the 1-hour scan pi which resulted in a lower estimated washout rate and a significant higher mean late H/M ratio compared to the actual numbers. Possibly, the cardiac 123 I-MIBG uptake at 1 hour pi and in some extent at 2 hour pi is affected by attenuation of the liver, which is more present at the early hours pi since the clearance time of 123 I-MIBG in the liver is shorter (15, 17) .
Limitations
Since there were differences between the actual and the estimated washout rate at 4 hours pi calculated from the scan 2 hours pi, implementation of the late scan at 2 hours pi to estimate the washout rate at 4 hours pi needs to be evaluated in larger cohorts.
Conclusion
By using the direct comparison method for cardiac 
